Summary Epidemiological and experimental studies suggest that androgens influence colonic carcinogenesis. We investigated the effects of hormonal manipulations (surgical and chemical castration, hormone substitution) on colonic tumour development, tumour and mucosal histopathology, and epithelial proliferation in macroscopically normal colonic mucosa in male rats, after induction of chemical colon carcinogenesis by subcutaneous injections of azoxymethane (AOM). Chemical castration with cyproterone acetate, but not surgical castration, resulted in increased colonic tumorigenesis, which was accompanied by decreased crypt length, decreased number of cells per crypt, and increased crypt epithelial mitotic index in the right colon. Chemically castrated rats also had crypt hyperplasia and increased numbers of dysplastic foci in the left colon which were not seen with surgical castration. By contrast, rats given testosterone after surgical castration showed decreased colonic tumorigenesis with an increased proportion of tumours in the left colon and lower percentage of tumours with invasion. The grossly normal mucosa of the testosterone-substituted castrated rats showed decreased crypt length in the right colon similar to the other groups of castrated rats, but no significant increase in mitotic index. Our results suggest that the anti-androgenic progestin cyproterone is a potent enhancer of colonic tumorigenesis and epithelial proliferative abnormalities after AOM administration. Exogenous testosterone after castration alters tumour distribution and characteristics and suppresses epithelial proliferative abnormalities. Finally, androgen effects on the colonic mucosa are more prominent in the right than in the left colon, suggesting different influences of hormones on the epithelium of these anatomical sites.
An important role for androgens in colonic carcinogenesis in humans has been suggested on the basis of detection of specific receptor proteins in human colorectal tissue (Odagiri et al., 1984 , Jacobson 1984 . Chemically induced colonic carcinogenesis models in rats have been used to study modulators of colonic carcinogenesis (Autrup & Williams, 1983) . Some authors reported specific androgen receptor proteins in chemically induced colonic tumours (Mehta et al., 1980; Krelenbaum et al., 1984; Jacobson, 1984) . In addition, hormonal manipulations have been reported to influence tumour yield (Balish et al., 1977; Moon & Fricks, 1977; Mehta et al., 1978; Izbicki et al., 1983) . These findings seemed to support a possible role of androgens in colonic carcinogenesis.
Recently, we reported the effects of hormonal manipulations on chemically induced colonic carcinogenesis and androgen receptors in macroscopically normal mucosa and colonic tumours (Izbicki et al., 1986) . In the present publication we present our evaluation of the mechanisms of the observed effects.
Materials and methods

Experimental protocol
Two hundred 8-week-old male Sprague-Dawley rats weighing 230-275 g (Wiga, Sulzfeld, FRG) were randomly allocated to five groups of 40. The rats were fed ad libitum with a standard rat chow (Altromin R 1324, Lage, FRG) and water. All groups were given the carcinogen azoxymethane (AOM), as described elsewhere (Izbicki et al., 1986) . Briefly, all animals received 7.5 mg AOM per kg body weight subcutaneously (s.c.) once weekly for 10 weeks, starting at 10 weeks of age. As safety precautions for the use of AOM, animals were injected under a fume hood, using protective gloves. Once injected, animals were left in the fume hood for 24 h. Gloves were discarded after use. Group I rats received no further treatment and served as carcinogen treated controls. Animals of group II were surgically castrated at 8 weeks of age. Group III animals were castrated at the same age and hormone-substituted with testosterone propionate (50 mg per kg body weight) in microcrystalline suspension s.c. three times a week. Group IV animals were chemically castrated with cyproterone acetate (50 mg per kg body weight) in microcrystalline suspension s.c. three times a week. Finally, group V animals were castrated at 8 weeks of age and were administered the hormone vehicle. Administration of hormones or vehicle continued over the whole course of the experiment, including the time interval of carcinogen administration. At week 23, hormone dose was reduced to I mg per kg body weight due to toxic effects, as expressed by a lethality of 40% in the castrated and testosterone-substituted group. Hormone preparations were as described previously (Izbicki et al., 1986) . Briefly, steroid suspensions were prepared daily in 0.9% NaCl solution containing 0.85 g 1' Myri 53 as vehicle. Myri 53, a commonly used emulsifier, was supplied by Schering (Berlin, FRG). It is a polyethoxylic stearic acid with the chemical formula CP7H35COO (CH2CH20)40H.
Killing procedures All animals were killed 25 weeks after first carcinogen injection.
The colon and terminal ileum were removed and opened. Any elevation of mucosa suspicious for tumour was removed and fixed in 10% buffered formalin. Sections of tumours and macroscopically normal mucosa of the descending and ascending colon were processed for paraffin embedding, sectioned at 6 gm and stained with haematoxylin and eosin. (Izbicki et al., 1985) . Prevalence of dysplastic crypts was calculated as total number of animals with dysplastic crypts per total number of surviving animals of each group x 100.
Each histopathological section of grossly identified lesions was classified as positive or negative for tumour. Negative areas usually contained aggregates of lymphoid tissue or mucosal folds. Positive histopathological sections were examined for typing of tumours, invasion and differentiation (Izbicki et al., 1985) . Only tumours of more than 2 mm size were assessed further. Tumours were considered as invasive if histopathologically malignant glands or cells extended into the muscularis mucosae or deeper layers of the colonic wall. The spectrum of invasive carcinomas was subdivided into well or poorly differentiated gland-forming adenocarcinomas, signet ring cell carcinoma and mixed carcinoma composed of adenocarcinoma and signet ring cell carcinoma. The epithelium of well differentiated adenocarcinomas was characterised by well preserved gland formation and showed a low nuclear-to-cytoplasmic ratio and little nuclear pleomorphism. Poorly differentiated adenocarcinomas showed rudimentary gland formation and infiltration in the form of individual cells.
Statistical analysis
Statistical analysis was performed using KolmogorovSmirnov, Yates' corrected x2 test, Kruskal-Wallis and Mann-Whitney U test, as described by Holm (1979) .
Results
Number, location, prevalence, mean frequency and multiplicity of colonic tumours The number and location of colonic tumours as well as the prevalence frequency and multiplicity of tumours in the different groups are summarised in Table I . These data were already published previously (Izbicki et al., 1986) .
As compared to control group I, chemical castration (group IV) enhanced colonic tumorigenesis, as indicated by increased prevalence, mean frequency and multiplicity of tumours. By contrast, surgical castration (group II) produced no significant change in tumorigenesis. Testosterone substitution (group III) reduced the prevalence of colonic tumours and resulted in a shift in tumour distribution into the left colon. The reduced tumour prevalence, however, appeared to be due to hormone vehicle, rather than testosterone, because group V also showed reduced prevalence and mean frequency of tumours.
Invasiveness of colonic tumours >2 mm Castrated animals of group II, IV and V showed no significant differences from control group I. Surgical castration with hormone substitution led to a decreased proportion of invasive tumours in group III, which was significantly different from control animals (P<0.05) ( Table II) .
Typing of invasive colonic tumours (tumour size >2 mm) A typical example of a tumour classified as adenocarcinoma is showed in Figure 1 . Figure 2 depicts a mixed carcinoma. After chemical castration (group IV) an increased proportion of invasive tumours were classified as adenocarcinoma and signet ring cell carcinoma compared to control group I and all other groups. Hormone substitution after surgical castration (group III) increased the proportion of adenocarcinomas as compared to surgical castration alone (group II) ( Table  III) .
Grading of adenocarcinoma Colonic adenocarcinoma were graded as well and poorly differentiated tumours. The distribution of these two grades is shown in Table IV . In general, poorly differentiated tumours represented the majority of colonic adenocarcinomas. Castration with testosterone substitution resulted in increased percentage of poorly differentiated tumours (P<0.02). Prevalence of dysplastic crypts Figure 3 shows a histopathological section with dysplastic crypts of the right colon of a carcinogen-treated rat. Generally, the prevalence of dysplastic crypts in the left colon tended to be higher than in the right colon; this was statistically significant for groups II and IV (P<0.05). Castration resulted in decreased prevalence of dysplastic crypts in the right colon as compared with control animals (P<0.05). Chemical castration, however, resulted in increased prevalence of dysplastic foci in the left colon of group IV (P<0.01 versus control) (Table IX) . Discussion Human colonic carcinogenesis is thought to be influenced by androgens (Jacobson, 1984; Mehta et al., 1980) . A chemical insult to colonic mucosal cells is postulated to result in synthesis of specific androgen receptor proteins, rendering the mucosa cells hypersensitive to androgens (Jacobson, 1984) . This hypothesis is supported by the detection of specific androgen receptor proteins in human colonic tumour tissue (Alford et al., 1979) . Chemical induction of colonic carcinomas in rats has been found to provide a reliable model of colonic carcinogenesis in humans. Although an adenoma-carcinoma sequence cannot be identified as clearly as in humans (Maskens & DujardinLoits, 1981; Izbicki et al., 1985) , proliferative abnormalities similar to those observed in human individuals at high risk for colonic cancer are demonstrable (Izbicki et al., 1988; Deschner, 1983) . In recent years these experimental carcinogenesis models were used to evaluate the effects of steroid hormones, including androgens, and of hormonal manipulations on chemically induced tumours. Whereas some authors were able to demonstrate promoting effects of androgens (Moon & Fricks, 1977; Izbicki et al., 1983; Mehta et al., 1978) , other authors presented conflicting results with protective effects of androgens against experimental colon carcinogenesis (Izbicki et al., 1986) .
Androgen receptors have also been studied in these experimental models. Mehta et al. (1980) found a carcinogeninduced induction of androgen receptors and postulated a maximum effect of androgens during the early phase of carcinogenesis. Whereas colonic mucosa of control animals which received no carcinogen treatment did not exhibit any specific androgen binding properties, carcinogen treatment was shown to result in the detection of specific androgen receptor proteins in macroscopically normal colonic mucosa (Mehta et al., 1980) . In addition, hormonal manipulations also influenced the amount of specific androgen binding sites. Gonadectomy led to detection of androgen receptors in colonic mucosa of control animals, suggesting an 'up-regulation' (Mehta et al., 1980) . Gonadectomised carcinogen-treated animals exhibited an even greater increase in receptor density in macroscopically normal mucosa as compared to gonadectomised control animals.
The highest concentration of specific androgen receptor proteins was detected in chemically induced colonic tumours (Mehta et al., 1980) . This increase of specific androgenbinding sites in chemically induced colonic tumours was also confirmed by Krelenbaum et al. (1984) , Jacobson (1984) and Tutton & Barkla (1988) .
Our group was unable to demonstrate a carcinogeninduced increase in androgen receptor binding sites in macroscopically normal colonic mucosa as compared to control animals. Colonic wall of control animals, which received the carcinogen vehicle only, exhibited androgen binding sites with typical characteristics of androgen receptors. Their density was not altered by carcinogen treatment (Izbicki et al., 1986) . These receptors were regulated, however, by the amount of circulating androgens. Receptor density in macroscopically normal colonic mucosa of carcinogen-treated ....... animals was highly influenced by hormonal manipulations, confirming the 'up-regulation' which was postulated by Mehta et al. (1980) . In contrast to previous findings (Mehta et al., 1980; Krelenbaum et al., 1984; Jacobson, 1984) , we were unable to demonstrate an increase of specific androgenbinding sites in colonic tumours. Receptor density in tumours was generally 50% lower than in macroscopically normal colonic mucosa (Izbicki et al., 1986) . These conflicting results might be explained by different methods of receptor determination and different animal models (Izbicki et al., 1986; Tutton & Barkla, 1988) .
Because a receptor-mediated effect of circulating androgens on neoplastic events in the colonic crypt epithelium is postulated (Jacobson, 1984) (Izbicki et al., 1986) .
In studies of the proliferation characteristics of chemically induced tumours, Tutton & Barkla (1982a, b) found significant effects of hormonal manipulations. Castration (chemical or surgical) of male and female animals resulted in a decreased rate of proliferation in tumours, whereas hormone substitution by testosterone propionate or oestradiol led to an increased rate of proliferation, also indicating a promoting effect of androgens.
In our study, hormone substitution in castrated-rats significantly influenced the site distribution of colonic tumours, with tumours predominantly located in the left colon. This finding suggested different influences of androgens on proximal and distal colonic cancers (Izbicki et al., 1986; Potter & McMichael, 1983) . No significant effect on site distribution of colonic tumours was observed as a consequence of our other hormonal manipulations.
Proliferative abnormalities in colonic crypt epithelium are considered to be precursors to the malignant transformation of colonic mucosa in humans (Deschner, 1983) as well as in experimental animals (Deschner, 1983; Izbicki et al., 1988) . The postulated carcinogen-induced hypersensitivity of colonic mucosal cells to androgens (Jacobson, 1984) should therefore be reflected in alterations of proliferation as a consequence of hormonal manipulations.
In the ascending colon of carcinogen-treated control animals (group I) the overall proportion of mitotic cells was lower than in the descending colon (P<0.05). Thus the colonic segments showed a variable susceptability to the colonic carcinogen, as reported previously (Izbicki et al., 1988 (Naito, 1982) is also indicated by the results of crypt length measurements. In the right colon, all hormonal manipulations led to significantly decreased crypt lengths, whereas the left colon did not reveal significant changes in crypt length after hormonal manipulations. Concommitantly with crypt shortening after castration, a significant decrease in epithelial cell numbers in the right colon of chemically castrated animals was evident. In the left colon, castration by surgical or pharmacological means was followed by hyperplasia of colonic crypts, as indicated by increased cell numbers and unchanged crypt length. Thus, we were unable to confirm the results of Tutton & Barkla (1982) , who found significant alterations in crypt proliferation in the descending colon after hormonal manipulation, as assessed by estimation of mitotic rate after Vinblastine treatment. In contrast, our results clearly demonstrated significant proliferative alterations in macroscopically normal mucosa of the right colon only.
The prevalence of dysplastic crypts is generally thought to be influenced by the degree of proliferative abnormalities (Izbicki et al., 1988; Deschner, 1983) . In this study, severe proliferative abnormalities of the ascending colon, which were especially pronounced after chemical castration, were not followed by increased occurence of dysplastic crypts (groups II and IV). On the contrary, chemically castrated rats exhibited only slight changes in proliferative characteristics in the descending colon, but the highest prevalence of dysplastic crypts (group IV). A similar result was obtained after hormone substitution. Although hormonal manipulation did alter epithelial proliferation, these effects were not correlated to the occurrence of dysplastic crypts.
The site distribution of colonic tumours in right and left colon did not follow the site-specific prevalence of dysplastic crypts. Chemically castrated animals with a significantly higher prevalence of dysplastic crypts in the left colon exhibited the highest proportion of tumours in the left colon and the highest proportion of invasive tumours. Hormonesubstituted animals showed an even distribution of dysplastic crypts, whereas colonic tumours were predominantly located in the left colon. Thus, prevalence of dysplastic crypts was not strongly related to tumour outcome in our study. The occurrence of site-specific effects of hormone manipulations on proliferative characteristics predominantly in the right colon, but not in the descending colon, further supports the hypothesis that cancers of the left and right colon may have different aetiologies, as was suggested by Potter and McMichael (1983 (Fitzhugh et al., 1959) , with consequent lower stool transit time as reflected by our own experience and the decrease of body weight (Izbicki et al., 1986) . This reduced transit time would result in a decreased faecal concentration of the carcinogen and a shortened contact time between colonic mucosa and carcinogen (Howe, 1982) . Another explanation could be a lower food utilisation associated with intake of emulsifiers (Oser & Oser, 1956) , as reflected by the decrease of body weight observed in our study. A reduced calorie intake is known to be associated with decreased colonic tumour incidence (Howe et al., 1982) .
In conclusion, the results of our study and those of other authors are at the present time too inconsistent to draw definite conclusions about the effects of hormonal manipulations. So far, our findings support the hypothesis of androgen sensitivity of colonic epithelium and of chemically induced colonic tumorigenesis in the rat. This study was supported by the Deutsche Forschungsgemeinschaft grant no. Iz 1/1-1 and the Clayton Fund.
